The challenges faced by many immunization programmes in understanding the size of the target population(s) for their work is seemingly well recognized, although not well documented. Despite the aid of adjustments for differences over time, inadequate information constitutes a major weakness of target population size estimates for many immunization programme managers. Because complete vital registration, the most reliable source for target population data, does not exist in the majority of the low-and middle-income countries [1,2], immunization programmes must estimate the number of children in the target population (e.g., births, surviving infants) based on counts or estimates made by local programme staff or health workers or rely on projections from the latest census data [3] .
The challenges faced by many immunization programmes in understanding the size of the target population(s) for their work is seemingly well recognized, although not well documented. It is the inadequacy of the available information in this area, even with the aid of adjustments for differences over time, that constitutes a major weakness of target population size estimates for many immunization programme managers. Because complete vital registration, the most reliable source for target population data, does not exist in the majority of the low-and middle-income countries [1, 2] , immunization programmes must estimate the number of children in the target population (e.g., births, surviving infants) based on counts or estimates by local programme staff or health workers or rely on population projections from the latest census data [3] . Population projections are complex computations [4] that involve uncertainty and this uncertainty increases the further one is from the previous census.
In some instances, the number of live births and surviving infants (i.e., children surviving until there first birthday) is estimated by applying fixed "conversion factors" (e.g., 3%, 4%, 5%) to estimates of total population size. It is important for those using target population estimates based on the latter approach to understand the potential consequence and that a trend bias may be introduced which can influence planning and monitoring efforts over time.
Consider a hypothetical example for Country A where a total of 1,782,000 children aged <12 months are immunized with 3 doses of diphtheria and tetanus with pertussis containing vaccine (DTP 3 3 vaccine during 2005 is 75%. Of course, immunization coverage is a derived measure that is computed as the number of children vaccinated during a period (during the first year of life, <12 months of age) divided by the number of children who survive to their first birthday (i.e., surviving infants). The number of surviving infants is also a derived measure, computed by applying the infant mortality rate to the number of births. In Country A, the immunization programme multiplies the total population size for the country (57,421,000) by the conversion factor 0.04 (or 4% or 40 per 1000 population) to estimate the total number of births (2,297,000). The estimated number of surviving infants (2,113,000) is obtained by applying the infant mortality rate, in this example assumed to be 80 per 1000 live births. Although true immunization coverage with DTP 3 is 75%, the estimated DTP 3 coverage is 84% (1,782,000 ÷ 2,113,000), an overestimate of 9% points that results from the application of a conversion factor that differs from the actual crude birth rate for 2005, which was 45 per 1000 population.
Utilization of fixed factors can also result in the introduction of a trend bias. Continuing with our example, the number of children immunized with DTP 3 before their first birthday increased during the period 2000 to 2015 but coverage levels remain constant at 75% ( Table 1 , Example 1). Again, the immunization programme estimates the total number of births by multiplying the total population size for the country by a conversion factor of 0.04 (or 4%) and the number of surviving infants is obtained by applying the infant mortality rate (fixed here at 80 per 1000 live births). In this instance, estimated DTP 3 coverage levels decline from 90% during 2000-05 (15% points higher than the true coverage!) to 79% during 2010-15. Again, true coverage levels are constant. The observed trend bias is a direct consequence of the declining crude birth rate (ceteris paribus) that the country has experienced over the period.
Example 2 in Table 1 demonstrates how utilization of fixed factors can mask a true increase in coverage. In this hypothetical example, the country is experiencing a decline in crude birth rate as well as a decline in infant mortality. The number of children immunized with DTP 3 is increasing over time as are true immunization coverage levels, from 75% for 2000-05 to 89% for 2010-15. Estimated coverage levels, however, decline over the period from 92% to 82% as a result of an inaccurate conversion factor to obtain the estimated number of births.
Applying fixed conversion factors as noted above assumes the appropriate conversion factor is constant over time. This assumption is much less likely to hold true in most low-and middle-income countries in 2010 than in 1980 as a result of rapid demographic changes in these countries with declining crude birth rates in more recent years ( Table  2) So, what options does the immunization programme manager have at his/her disposal? Ideally, immunization programme staff work closely with the staff at the national statistics office to make use of the latest population census data and population projections to obtain estimates of live births and surviving infants that more accurately translate than a fixed conversion factor. Surprisingly enough, many national statistical offices are unaware of how immunization programmes utilize population data derived from censuses and thus initiating a dialogue between the two areas is important. Immunization programme staff may also utilize population estimates and projections produced by the United Nations Population Division (UNPD). Although the UNPD estimates may not match those of the national statistics office, the UNPD estimates are readily available and are produced using a standard approach and therefore facilitate the construction of a consistent time-series of population esti- mates, a useful characteristic for monitoring immunization coverage levels over time.
We noted at the outset that challenges with immunization target population size estimates are recognized; unfortunately sustained commitments to invest in and improve immunization and civil registration data are too often conspicuously absent from discussions on the way forward [5] . The World Health Organization is currently developing an approach to assist national immunization programmes to assess and improve estimates of target population size. It is hoped that this effort will provide immunization programmes with viable alternatives while efforts continue to raise awareness of the importance of civil registration systems among national governments and development partners [6, 7] . ABBREVIATIONS DTP3 = 3 doses of diphtheria and tetanus with pertussis containing vaccine UNPD = United Nations Population Division
